Abstract
anodes and cathodes, electroosmosis, electromigration and electrophoresis mobilize the 10 pollutants contained in the soil. Under suitable conditions, these processes can be used to 11 remediate the soil, transferring the pollution to a flushing fluid that can be then treated.
12
EKSF process has been studied for the remediation of soils polluted with different conditions. Synthetic soil has been used in order to prevent the interaction of the processes 18 studied with other processes that can mask their influence. 
Materials and methods

21
Chemicals. Kaolinite, provided by Manuel Riesgo Chemical Products (Madrid, Spain),
22
was used as a model of clay soil. Properties of this synthetic clay soil were provided by 23 the commercial supplier, and are detailed in the Electrokinetic cell. Bench setup used in this work is shown in the SM (Fig. SM-1 ). It soil. In the case of atrazine and oxyfluorfen solutions, sodium dodecyl sulfate was used 19 as solubilizing agent (1000 mg L -1 ). The initial target moisture level of the soil was 30%.
20
Polluted soil was compacted manually in the central compartment of the cell (3 kg). This The atrazine and oxyfluorfen concentration in the liquid samples daily was determined analyzed.
5
The decay of herbicides was followed by reversed-phase chromatography and total Spain). The soil temperature was monitored using a Digital Soil thermometer. These two electrochemical reactions are confirmed with the changes in the pH of the 6 anode and cathode compartments during the electrokinetic tests. As it can be observed in 7 the SM (Fig. SM-2) , the pH in the anode compartments decreases down to 2 while the pH 8 in the cathode compartments increases up to almost 14, confirming the progress of 9 equations 1 and 2.
10
Only small differences are observed between the four different soil remediation tests and 11 in less than 6 d of treatment, the pH seems to have almost reached the steady state value.
12
These changes in the pH of the electrolyte wells must reflect on the profile of pH in the proton ions but it also considers other ions transported from the soil to the wells.
16
Moreover, this can be also well explained with the accumulation of water-electrolysis oxyfluorfen remains as non-charge species and hence its mobility inside an electric field 7 depends on the ionization of the surfactant species. The transport of ions from the soil to the electrolyte is well-confirmed in the postmortem 15 analysis (Fig. SM-3 On the other hand, it is expected the transport of water from the anode to the cathode 4 wells by the well-known electro-osmosis because of the application of an electric field.
5 Figure 4 shows changes in the electro-osmotic fluxes produced in the soils during the four 6 tests. Initially, the soil shows a tendency to retain water and, consequently, in this first 7 stage water did not accumulate in the cathodic wells and the electroosmosis flux was null. as evaporation, as we will discuss later. 
12
Besides pH and conductivity, the most important parameter in the study is the 13 concentration of pesticide remaining in the soil after the treatment. Figure 5 shows the To determine the main mechanisms of transport involved in the electroremediation 16 process, the concentration of pesticide in anodic and cathodic wells was monitored during 17 the treatment, and the amount of pesticide evaporated was estimated by mass balance. electromigration is more significantly important than drainage by electro-osmotic flux. with the pKa values for each one of the pesticides and their ionizability (see Fig. 3 ).
10
In the case of non-polar pesticide, it is important to take in mind that a solubilizing agent pesticide collected at cathode is higher than those observed in the case of polar pesticides.
17
Besides this observation, in all cases, it must be pointed out the important contribution of 18 non electrokinetic processes, with percentage of removal by evaporation around 60%.
19
Recent studies (Risco et al., 2015 (Risco et al., , 2016 have shown that these losses may be mainly 
10
Remaining in soil after the treatment (); collected at anode (); collected at cathode
11
() and evaporated ().
13
Finally, in the SM is shown the average water and pesticide evaporation rate estimated 14 during the four tests carried out (Fig. SM-6 According to data given in the 
Conclusions
12
The following conclusions can be observed as a result of this study: 
